Pregnancy as a risk factor for tuberculosis Views as to whether the incidence of tuberculosis is increased by pregnancy have varied over time. The Hippocratic view that pregnancy was beneficial to tuberculosis was generally held until the 19th century. 8 Grisolle reported in the mid 19th century that the course of disease in 24 pregnant women was less favourable than in non-pregnant women. 8 By the early 20th century opinion had swung to pregnancy having a deleterious eVect on tuberculosis, so much so that abortion was recommended. 9 10 Immediately before the chemotherapy era, Hedvall 11 reported on 250 of his own pregnant patients and found that 9% improved, 7% deteriorated, and 84% were unchanged antepartum, with 9% improving, 15% deteriorating, and 76% remaining unchanged postpartum. Studies in London in the 1950s by Pridie and Stradling 12 showed rates of tuberculosis in the pregnant population to be the same as in the non-pregnant population. More recently, Schaefer reported a new case rate of 18-29/ 100 000 in pregnancy which was similar to that of 19-39/100 000 for the whole city of New York. 13 Data from San Domingo gave no evidence that pregnancy increased the chance of tuberculosis developing postpartum in either HIV positive or negative women. 14 
Presentation of tuberculosis in pregnancy
The presentation of tuberculosis in pregnant women is similar to that in non-pregnant women 15 but diagnosis may be delayed by the non-specific nature of early symptoms 16 and the frequency of malaise and fatigue in pregnancy. 17 The most common site in pregnancy is pulmonary and, of the 27 pregnancies reported by Good et al 15 with culture positive disease, 74% had cough, 41% had weight loss, 30% had fever, malaise or fatigue, and 19% had haemoptysis; 20% were asymptomatic but all had abnormal radiographs. The diagnosis of pulmonary tuberculosis is also complicated by the fact that women with tuberculosis associated with pregnancy are more likely to postpone having chest radiography 16 and that investigation of sputum smear negative tuberculosis is more diYcult. Other studies have found less significant symptoms in pregnant women with tuberculosis. 18 Wilson et al 19 reported that 5-10% of pregnant women with tuberculosis in their series had extrapulmonary disease, a proportion comparable with nonpregnant women of the same age and ethnic group. A high index of suspicion needs to be maintained and in the USA tuberculin testing in high risk groups followed by chest radiography where appropriate (see below) is recommended.
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Skin testing in pregnancy Tuberculin skin testing to detect latent infection in those thought to be at higher risk of tuberculosis-such as those with recent travel to or immigration from countries of high prevalence, intercurrent disease, or HIV coinfection-is widely recommended in the USA. 21 Pregnant women who meet the above criteria should be tested. Tuberculin testing using 0.1 ml (5 tuberculin units) purified protein derivative (PPD) is regarded as safe in pregnancy. 17 22 According to the ATS-CDSC guidelines, an induration of 0-4 mm is negative, 5-10 mm is doubtfully positive, and more than 10 mm is reactive. 23 A doubtful reading without a history of recent exposure requires re-testing after 3 months. An increase from under to over 10 mm with an increase of at least 6 mm is consistent with new infection. A doubtful reaction with known recent exposure such as household or close occupational contact or an HIV positive patient may be significant and requires investigation. 23 Preventive chemotherapy with isoniazid is the US recommendation for those aged less than 35 years antepartum with a clear chest radiograph with (a) a tuberculin reaction of >15 mm not previously treated, (b) >10 mm induration and recent immigration from a high prevalence area, or (c) >5 mm induration if HIV positive or a known recent contact. 21 There has been some concern about isoniazid hepatitis in pregnant patients with a 2.5 fold increase in fulminant hepatitis and a fourfold higher death rate in pregnant and postpartum patients on preventive therapy over non-pregnant patients. 24 These diVerences, however, were not statistically significant and more recent analysis suggests over-reporting and a true isoniazid associated death rate of 0.001%. 25 The detection of latent infection by tuberculin skin testing is not aVected by pregnancy. While there is some evidence of a lower in vitro lymphocyte response to PPD, early clinical studies showed that pregnancy did not alter tuberculin reactivity. 26 More recent studies have shown no diVerences between HIV positive patients with pregnancy and nonpregnant HIV positive patients 27 28 or a mixed population. 29 In the UK chemoprophylaxis or preventive treatment is used less widely in adults but tuberculin testing would still be appropriate for new immigrants, refugees, and asylum seekers, even if pregnant. 30 Tuberculin testing in the UK is usually by the multiple puncture (Heaf) method rather than the Mantoux test. 31 The only manufacturer of tuberculin in the UK, Celltech Medeva, has recently put in its data sheet that tuberculin testing should not be carried out in pregnancy, but does not provide any data to support this recommendation. This is not supported by the Joint Committee on Vaccination and Immunisation. 31 A negative tuberculin test in pregnancy should not lead to BCG vaccination which, as a live vaccine, is contraindicated in pregnancy. 31 In such circumstances the tuberculin test should be repeated after delivery and BCG vaccination given, if appropriate, 30 after a second negative test.
Treatment of tuberculosis in pregnancy
As with any other medication, particularly in the first trimester, the main concern about tuberculosis treatment in pregnancy is the risk of teratogenicity. Short course chemotherapy trials have shown that 6 month regimens of rifampicin and isoniazid, supplemented by 2 months initial treatment with pyrazinamide and either ethambutol or streptomycin, is the treatment of choice for tuberculosis. [32] [33] [34] [35] [36] The trials, however, were not performed in pregnant subjects. Details of the first line antituberculous drugs, relevant to pregnancy, are given below.
ISONIAZID
Isoniazid has a high lipid solubility, a low molecular weight, and crosses the placenta readily to reach fetal levels similar to those of the mother. A fetal cord to maternal ratio of 0.73 after a 100 mg dose given shortly before delivery has been reported. 37 Animal studies have shown no growth retardation in rats 38 and no increase in malformations in mice 39 40 or rabbits at up to 60 times the human dose. 41 Demyelination, depending on which day of gestation the drug was given, has been reported in chick embryos 42 43 ; however, this can be blocked by the in vivo administration of pyridoxine (vitamin B 6 ). 42 No association has been found between carcinoma and maternal isoniazid administration. 44 45 However, most studies on potential fetal eVects have been in patients on multiple drug therapy. 46 
RIFAMPICIN
Rifampicin is readily absorbed after oral administration with a peak serum concentration of 5-7 mg/l within 1.5-2 hours in nonpregnant subjects and good penetration into all tissues despite the fact that 75% is protein bound. At the end of the third trimester cord to maternal blood ratios of 0.12-0.33 have been reported. 47 Studies in mice or rats exposed to 2.5-10 times the usual human dose in utero 48 and in rabbits at similar doses [48] [49] [50] showed no increase in congenital abnormalities. Fetal abnormalities in 442 women exposed to rifampicin, including 109 exposed during the first trimester, were not significantly increased. 10 One study, however, did show a 4.4% malformation rate in 204 pregnancies 51 which was higher than the 1.8% rate noted in other studies.
ETHAMBUTOL
Ethambutol freely crosses the placenta with a cord to maternal serum ratio of 0.75. 52 There have been few reports of animal teratogenicity studies with ethambutol. Fetal malformation rates of 2.2% were reported in 638 infants whose mothers received ethambutol during pregnancy, including 320 in the first trimester. 10 Given the theoretical possibility of ocular toxicity, it is reassuring that six aborted fetuses assessed at 5-12 weeks gestation had no abnormality in the embryonic optical system. 53 
PYRAZINAMIDE
Pyrazinamide is readily absorbed from the gastrointestinal tract. No significant animal teratogenicity studies or reports of malformations in treated patients are available. 52 
STREPTOMYCIN
Peak blood concentrations of 40 µg/ml occur in non-pregnant patients within 1 hour of an intramuscular injection of 15 mg/kg streptomycin. It rapidly crosses the placenta into the fetal circulation and amniotic fluid, usually at levels of less than 50% of the maternal levels. 54 55 The only adverse eVects reported in studies in various animals have been ototoxicity. [54] [55] [56] Congenital deafness has been reported in infants with in utero exposure to streptomycin, although there is no consistent relationship between ototoxicity and the gestational age of exposure. [57] [58] [59] [60] Variable eVects on audiograms in children have been reported, ranging from no abnormalities in 50 children, 61 to two of 33 with minor hearing loss, 57 up to four of 13 with others having abnormal calorific tests. 62 Given the occurrence of ototoxicity from in utero exposure, which is predictable from adult toxicity data, recommendations from developed countries advise avoiding streptomycin in pregnancy. 21 32 63 RESERVE DRUGS Of the second line (reserve) drugs, kanamycin and amikacin are aminoglycoside variants and share the same potential problems as streptomycin. While capreomycin has a diVerent chemical structure from the aminoglycosides, it has similar side eVects in non-pregnant subjects and should therefore only be used if needed in pregnancy, usually for multidrug resistant tuberculosis (MDR-TB).
Ethionamide (and prothionamide) are thiomide derivatives which have good penetration into all tissues including the cerebrospinal fluid. Animal studies in mice 64 65 and rabbits 64 found no increase in induced birth defects but there was an increase in central nervous system defects in rats. Skeletal eVects were also seen in rats at higher doses (5-10 times normal) 41 and an association has been reported with growth retardation in rabbits. 64 Conflicting data have come from human studies. No abnormalities were seen in a series of 38 cases 66 but seven of 23 patients had abnormalities in another study. 67 A review of ethionamide exposure in 1100 pregnancies noted that four out of five cases exposed to ethionamide during the first trimester had central nervous system defects. 68 Overall, ethionamide (and prothionamide) are regarded as potentially teratogenic and their use should be avoided in women of child bearing age unless they are needed as reserve drugs for MDR-TB. 32 
Perinatal outcome in tuberculosis
Various reports have given diVering perinatal outcomes with increased abortion rates, high levels of pre-eclampsia, and increased levels of diYcult labour requiring intervention in some studies, 69 but overall good fetal outcome in others. 13 More recent case control studies have shown that the outcome depends on whether the tuberculosis is pulmonary or extrapulmonary, and also whether it is diagnosed later in pregnancy. In a study of Indian women with pulmonary disease treated for 6-9 months in pregnancy, 70 perinatal mortality was six times higher than in controls and the incidence of prematurity, small for dates babies, and low birth weight (<2500 g) was doubled. These eVects were even more pronounced in cases with late diagnosis, incomplete or irregular drug treatment, and in those with advanced pulmonary lesions. Figuera-Damien et al 71 reported substantially increased neonatal mortality of 18.7%, a relative risk of 14, with this eVect being mainly the result of late diagnosis and treatment (during the second and third trimesters). The outcome for those diagnosed in early pregnancy was equivalent to that in non-pregnant patients.
The picture in extrapulmonary tuberculosis is mixed. With lymph node disease no eVect was found in a study in India, 72 but for other sites such as the spine, abdomen, and meningitis there were adverse eVects on the fetus with a lower Apgar score at birth and the proportion with low birth weight increased to 33% compared with 11% in controls.
Maternal outcome in pregnancy complicating tuberculosis
As with the fetal outcome, maternal outcome in pregnancy varies with the site of the tuberculosis and the timing of diagnosis in relation to delivery. There seems to be no adverse outcome with lymph node tuberculosis but increased admission rates have been reported during pregnancy because of the disability that can occur with tuberculosis at other extrapulmonary sites. 72 Pulmonary tuberculosis is the form which is associated with most problems. In those with a late diagnosis, obstetric morbidity is increased fourfold and preterm labour ninefold. 71 A higher frequency of abortion, toxaemia, and intrapartum complications were reported in another series. 69 In a small Indian study no maternal mortality was reported. 70 However, in sub-Saharan Africa tuberculosis is an increasingly important cause of non-obstetric mortality. In Zambia tuberculosis now accounts for 25% of all non-obstetric deaths, most in combination with HIV positivity, 73 the dual epidemic being a major factor in an eightfold increase in maternal mortality.
Infection control in late pregnancy and puerperium
The same infection control measures apply to tuberculosis in pregnancy as to tuberculosis in other settings. 30 Only those cases with pulmonary disease are potentially infectious, but in those with fully susceptible organisms they are rendered non-infectious by 2 weeks of treatment including rifampicin and isoniazid. 30 There is therefore no significant infection control risk in such cases after this time 74 75 and the mother can be allowed to deliver normally. There is a small potential risk with cases diagnosed within 2 weeks of birth if the mother is sputum positive for acid fast bacilli. If the mother has significant risk factors for MDR-TB, 30 molecular tests for rifampicin resistance should be carried out. Should these be positive, infection control measures should be as for MDR-TB with staV using dust mist fume masks meeting the 1992 Personal Equipment (EC Directive) Regulations, 76 and the mother should be isolated in a negative pressure room.
For mothers who are sputum microscopy positive who are not known or suspected to have MDR-TB, staV should already be protected by the pre-employment or on-employment measures. 30 It used to be recommended that newborn infants should be separated from their mother 15 22 but this is no longer appropriate in most cases if the mother is on eVective treatment. Infants staying with their mother who has had less than 2 weeks of treatment and is sputum microscopy positive should be treated prophylactically with isoniazid (5 mg/ kg) and have a tuberculin test performed at 6 weeks. 30 If this is negative, BCG vaccination should be given and chemoprophylaxis stopped. If the tuberculin test is positive, the child should be assessed for congenital and perinatal infection and chemoprophylaxis continued if these are excluded. In the USA, BCG vaccination is only advocated for those infants with a negative tuberculin test who remain at high risk from untreated (or undertreated) persons with infectious pulmonary tuberculosis and those remaining exposed to drug resistant tuberculosis. 77 Separation of the infant from the mother is likely to be required if the mother has MDR-TB because of the prolonged infectivity and the lack of an eVective chemoprophylaxis regimen, 32 and should be considered if there is maternal non-compliance with treatment.
Congenital tuberculosis
The fetus can only be infected in utero via the umbilical cord. This is rare, with fewer than 300 cases having been reported. 78 Haematogenous congenital tuberculosis occurs when placentitis results from dissemination in the mother. In these circumstances Mycobacterium tuberculosis has been identified in the amnion, decidua, and the chorionic villi. 79 Placental involvement does not, however, automatically lead to congenital tuberculosis. 80 Although fetal infection directly from the mother's bloodstream without formation of a caseous lesion in the placenta has been described in experimental animal models, 81 it is unclear whether this happens in humans. Congenital tuberculosis is rare if the mother has been on eVective treatment in pregnancy. 13 The first diagnostic criteria used to distinguish congenital tuberculosis from postnatally acquired tuberculosis were largely based on necroscopic data. 79 These required that the infant had proven tuberculosis lesions and one of the following: (a) lesions in the first few days of life; (b) a primary hepatic complex; (c) exclusion of postnatal transmission to the infant at birth from the mother and other sources of infection. In current practice these conditions can now rarely be met. Cantwell et al 82 Clinically, tuberculosis in the newborn infant simulates other congenital infections such as syphilis or cytomegalovirus or bacterial sepsis. Congenital tuberculosis should be suspected if aggressive broad spectrum antibiotics are ineVective and tests for other congenital infections are negative, particularly if the mother is known to have tuberculosis and especially if recently diagnosed. 83 Symptoms may be present at birth but are usually seen in the second and third weeks. Hepatosplenomegaly is found in 76%, respiratory distress in 72%, fever in 48%, and lymphadenopathy in 38%. 82 84 Virtually all infants have an abnormal chest radiograph, with nearly half having a miliary pattern. The chest radiograph may be normal immediately after birth, but rapidly progresses with even cavitation being described. 85 If possible, the placenta should be examined and cultured for tubercle bacilli. 83 The tuberculin skin test result is unhelpful since it is always negative initially and can take 1-3 months to become positive. Diagnosis rests on clinical suspicion and demonstration of acid fast bacilli in tissue or fluids, particularly on the culture of M tuberculosis. Early morning gastric washings that are positive for acid fast bacilli on microscopy should be regarded as indicative of tuberculosis, 83 although false positives can occur. 86 Hageman et al found positive cultures for M tuberculosis in 10 of 12 gastric aspirates, all three liver biopsy specimens, all three lymph node biopsy specimens, and two of four bone marrow aspirates. 84 Culture of cerebrospinal fluid is also recommended but has a lower yield. 84 87 Open lung biopsy has also been used to establish the diagnosis. 88 Other routes of infection of the fetus before or during birth-from aspiration of infected amniotic fluid to direct contact with tuberculous cervicitis or endometritis-were excluded from the original Bietzke 79 criteria but are included in the modified Cantwell criteria. 82 In some series of congenital tuberculosis, fewer than half of the mothers were known to be suffering from tuberculosis at the time of delivery, the diagnosis in the infant then leading to the maternal diagnosis. 82 87 Perinatal tuberculosis occurs from airborne infection from either the mother, an adult family carer, or another infectious adult with whom the neonate has had contact. This can include nursing and medical health care workers. 89 90 These cases may become more frequent with increasing numbers of both mothers and neonates being infected with HIV, something which is already being observed in sub-Saharan Africa.
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Breast feeding
The first line antituberculous drugs cross into breast milk in variable amounts. Rifampicin is excreted into breast milk with a milk to plasma ratio of 0.2. The amount transferred to the infant (0.05% of maternal dose) does not cause adverse eVects. Pyrazinamide excretion into breast milk is minimal 92 with a maximum of 0.3% of the ingested dose reaching the infant. 93 Streptomycin is excreted into breast milk with a milk to plasma ratio of 0.5-1.0. 94 Since the drug is very poorly absorbed orally, no significant absorption by the infant is to be expected from this. Ethambutol is secreted into breast milk with an approximate milk to serum ratio of 1. All these antituberculous drugs are thought to be compatible with breast feeding by paediatric groups such as the American Academy of Pediatrics 95 and also by respiratory organisations. 21 32 63 
Conclusion
Because of demographic changes, pregnancy and tuberculosis will be seen more frequently in both developing and developed countries and will need heightened awareness to consider the diagnosis. "Standard" short course chemotherapy is recommended but the outcome for both the mother and the fetus is improved by early diagnosis. Congenital tuberculosis will remain uncommon, but perinatal tuberculosis will almost certainly increase, particularly in HIV endemic areas.
